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modifications guided

The search of novel mMPGES-1 inhibitors has recentinsified probably duéo the superic
safety in comparison to existing anti-inflammataigyugs. Although two mPGES$-inhibitors
have entered clinical trials, none has yet reactmed market. In this study, we perfeem

by 3D-QSAR CoMFA o8, which is anunsymmetrical curcum

derivative with low binding affinity towards mPGES-1. To coantthe PAINS propertie
predicted for2, the diketone linker was replaced with a pyrazaig. On the other hand, bc

prenyl and carboxylate ester groups were introdtieéehprove the activity. When testeuvitro,

Keywords 11 suppressed PGBbiosynthesis in activated macrophages and showethiging humar
3D-QSAR CoMFA MPGES-1 inhibition in microsomes of interleukif-dtimulated A549 cells. Altogethet] has
PGE been identified as a potential MPGES-1 inhibitat aauld be gromising lead for a novel clz
mPGES-1 of MPGES-1 inhibitors.
PAINS _ _
2009 Elsevier Ltd. All rights reserve

Introduction fever and pain but also stimulates proliferatioiffedentiation

] ) and angiogenesis [3], without suppressing the bib®gis of

Microsomal prostaglandin E synthase (MPGES)-1 has gther prostanoids downstream of PGH

garnered an extraordinary amount of interest asotengal
therapeutic target for the treatment of inflammatielated
diseases. It is a terminal enzyme that is partefrhembrane-
associated protein (MAPEG) superfamily, which is ineol in
eicosanoid and glutathione metabolism [1]. In gahethis
protein family comprises 5-lipoxygenase-activatingotein
(FLAP), leukotriene € synthase (LTES), and microsomal
glutathione transferases (MGST1, MGST2, and MGST3)ilaVh
mPGES-1 is constitutively expressed in lung, kidnayd
reproductive organs, it is normally found at lowesvdls
elsewhere in the body although it can be stronghggylated by
inflammatory stimuli such as interleukirg-12]. Since mPGES-1
is critical to the production of PGE proinflammatory signaling
molecule found in inflammation conditions, it appe#o be an
attractive drug target for osteoarthritis, rheuridht@rthritis and
cancer. This is further supported by scientificdevices that
selective mMPGES-1 inhibitors could alleviate thdeef of
excessive production of PGEwhich promotes inflammation,

Curcumin and its derivatives are known to possesdde
range of biological activities such as anti-inflaatory, anti-
tyrosinase and immunomodulatory functions [4-10].or¢
recently, our group had synthesized a series ojmnetrical
monocarbonyll [11] and dicarbonyl curcumin analogu2sand
demonstrated that they could suppress the REttiuction level
in both LPS-induced human and murine monocytic loadis. In
spite of this, our efforts to develop the moleculesd been
hampered by the growing evidences that curcumin @sd
derivatives might be categorized under pan-asstrférence
substances (PAINS), which are defined by their abilityshow
activity across a range of assay platforms andnagai range of
proteins. Many PAINS, including the Michael acceptor
curcumin, function as reactive chemicals rather ntha
discriminating between drugs with defined structuddiviy
relationship. Others give false-positive readoutsaivariety of
ways such as metal chelation, chemical aggregatiedpx

OCorresponding author. Tel.: +603-92897031; e-naiid_lam@ukm.edu.my (Lam Kok Wai); Tet609-5492399fasihi@ump.edu.my (Mohd Fadhlizil Fasihi Mohd Algwi



activity, compound fluorescence, cysteine oxidatioor
promiscuous binding. Moreover, curcumin is not ol for
clinical application due to its poor oral availdtyil low aqueous
stability and low circulating concentrations in ptes Whilst the
debate is still actively on-going of whether curconand its
derivatives are suitable to be developed as drnwgsfook the
challenge to improving the properties of these mdks. Guided
by a structural based drug design approach and @oNife
made several rational structural modifications tmmpound2

CoMFA has been widely used to study steric poteimidhe
form of a Lennard-Jones function and electrostptitential in
the form of a Coulomb function surrounding a sebiologically
characterized molecules. Whereas molecular dockemsy been
established as the main approach for recogniziagrbst likely
bioactive conformation of compounds in the recegiording
site. Thus, combining these two methods would reaudt more
thorough protein-ligand binding interaction anadysifo start
with, two different conformational sampling methodseres

(Figure 1a) and tested the target compound on mPGES-hdopted in this study: a structural-based alignnfergthod A)

activity.

Interestingly, a quick glance through the listsoine of the
mPGES-1 inhibitors found in natur&igure 1b) revealed that
each of them comprises at least a prenyl groupeir structure.
It could be a strong indicator that this functiommbup might
play an important role for the inhibitory activitin fact, recent
reports have shown that curcumin and its prenylatealogues
also displayed mPGES-1 inhibition [12, 13]. It isokn that the
presence of a prenyl group in a small moleculeomdt enhances
lipophilicity but also bestows a strong affinity fdxiological
membranes [14]. Nevertheless, it could improve
pharmacokinetic profile of a given compound leaditty a
broader range of interesting pharmacological atii
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Figure 1. (a) Curcumin, monocarbonyll] and dicarbonyl Z) curcumin
derivatives and a MK886 derivativ8)( (b) Selected structures of mPGES-1
inhibitors obtained from natural product isolatiand by chemical semi-
synthesis.

Results and discussion

3D-QSAR CoMFA

To gain insights into the contour features of mP@HBand
binding site, a set of MK-886 derivatives known tahibit
mPGES-1 activity were retrieved from literature [18hd

subjected to docking and 3D-QSAR CoMFA (comparative

molecular field analysis) studies. To initiate thdirst the
MPGES-1 protein crystal structureDB ID 4AL1: 1.95 A was
retrieved fromRCSB Protein Data Bar&nd prepared according to
the standard protocol implemented in Discovery St8ll. The
reported inhibitors were prepared, minimized andkddcto the
putative binding site; the complex then underwiensitu ligand
minimization in a flexible receptor environmentrédine the final
ligand binding conformation.

e

and a docking-based alignmentgthod B) (Figures 2aandb).
For the first method, the top-ranked docked lig@r{&igure 1a)
was initially used to build a hypothesis and prauethe binding
conformations of the other compounds. In the lattethod, all
the compounds were docked to the binding site arar th
conformations were used without reallignment for tHar
analysis. Both methods accurately predicted the n#RGE
inhibtory activities of the MK-886 derivativesTdble 1).
However, only the results fromethod Bwere discussed here as
it has been proven to be more successful in terpregficting the
ligand binding mode and describing the contributbthe region
of interest surrounding the ligands at the prot&rget site
accurately.

@)

(b)

Figure 2: Structural alignment of the MK-886 derivatives I ttemplate-
based method according to the core specified byoirelocked conformation
of 3.

In the best model, 29 reported MK-886 derivativesreve
retrieved, in which 19 compounds were randomly setkets a
training set, and the remaining 10 compounds weed as a test
set. As stated iMable 1, the best model produced was highly
predictive with a non-cross-validated correlatioreftisient (r)
of 0.990 and a leave-one-out cross-validated auiosl
coefficient ¢7) of 0.437 using three principle components. The
external predictive ability of the model was furthetidated with
a highg? value of 0.759Figure 3).

+  Training Set

= Test Set

Caleulated pICs

Linear (Training Set)

Linear (Test Set)

4 3 6 7 2 2
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Figure 3: Trend of the observed versus
training-set and test-set compounds.

calculated spizalues of the



The steric maps include green contodrig(re 4a) that The red contourKigure 4¢) indicates region where positive
indicates region where the steric bulk groups fawtnibition electrostatic potential is favorable for activignd blue contour
while the yellow contour Kigure 4b) indicates region where (Figure 4d) indicates region where an increase in negative
steric bulk does not favor activitguperposition of the contour electrostatic potential enhances activity. Supetioos of the
maps over the binding site of MPGES-1 reveals thatgreen contour maps over the binding site of MPGES-1 revibet blue
contours are mainly located at the edge of thelshajroove, contours predominantly occupy the region in helixsliggesting
which comprises Leul32, Alal33, GIn134, Leul35, Prod3® that negative electrostatic functional groups aghlly favorable
Cys137 from helix IV and Val30’, Ala31’ and lle32’ fohelix ~ for activity at this position while the red regiomse mainly
I’ suggesting that sterically bulky substituents highly favored. located alongside helix I'. Several blue contourpmare also
On the other hand, the yellow contours can be seeopying observed in the positions adjacent to the sidenshaf Arg38’
largely the position where cofactor GSH is boundsThiggests and Arg52'. The latter residue is known to form apariant salt
that further modifications beyond the phenyl ririghas position  bridge interaction with the carboxylate moiety ofMK-886
is highly unlikely to improve the activity. derivative important for inhibition of mMPGES-1.

Table 1 Statistics of the comparative molecular field gsisl models generated using different alignmentou.

S Leave one External predictive
. Non cross-validation S
Model G_rld : out-cross-validation g-squared
Spacing (A) r2a RMS residual b N© Mean Absolute e RMS
error Error error
Method A (Structural alignment)
1 0.932 0.3062 0.213 1 0.898 0.828 0.613
2 1.0 - - 0.201 3 0.897 - -
3 - - 0.202 4 0.899 - -
4 - - 0.292 3 0.848 - -
5 15 - - 0.299 4 0.844 - -
6 1.000 0.0055 0.300 5 0.844 0.793 0.539
7 - - 0.384 3 0.785 - -
8 2.0 - - 0.392 4 0.774 - -
9 1.000 0.0100 0.394 5 0.772 0.869 0.510
Method B (Docking-based alignment)
10 0.922 0.3276 0.483 1 0.773 0.671 0.591
11 1.0 - - 0.480 3 0.797 - -
12 - - 0.480 4 0.798 - -
13 0.867 0.4283 0.376 1 0.730 0.695 0.572
14 15 - - 0.361 3 0.771 - -
15 - - 0.360 4 0.770 - -
16 0.990 0.1191 0.437 3 0.688 0.759 0.501
17 2.0 - - 0.436 4 0.691 - -
18 - - 0.435 5 0.687 - -

#Non cross-validated correlation coefficient.

P eave one out-cross-validated correlation coefficie

¢ Optimum number of components obtained from cradilated PLS analysis.
4 Correlation coefficient for test set predictions.

Pro136 (b) . }

Cys137

Leu13s. '
GIn134 Ala133 v,
Leul32 A A

\ %6facto¢GSH

ipding site

Helix IV

-

’ Arg3se® .
Arg52’

Figure 4: Superposition of the steric ((a) and (b)) and etestatic ((c) and (d)) contour maps within the pugabinding site of human mPGES-1.



Design and synthesis bt to | obtain. ' the corresponding crude product of 2-
benzoylcyclohexanon&
Figure 5 depicts the design strategy adopted behind the
modifications of compound2. Considering that bulky and
carboxylic acid moieties critically contribute tdet binding

affinity of 3 to mPGES-1 as supported in the CoMFA study, we
opted to introduce two major functional groups itite designed )\/\
compound including i) a prenyl group that could g the top

cavity at the binding groove formed by Leul32, Ala1GIn134,
Leul35, Prol36 and Cys137 from helix IV and Val30'azl’
and 1le32’ from helix I ii) and a carboxylate est#hat could
form a salt bridge interaction with Arg38’ and Arg5®Vith the
introduction of these two functional groups, we peedhat the
inhibitory activity and the binding affinity shoule greatly
improved.

Scheme 1Reagent and condition: acetoneCiOs, reflux, 20 h.

Subsequent purification by flash chromatographydgie the
pure product with a conversion rate of 30-40%. Thefied 8
was then reacted with an equivalent amount ;8o give the
boron complex. The complex was then coupled with the

To initiate the synthesighe prenyl group was coupled to 4- prenylated benzaldehydein the presence of tributyl borate and
hydroxybenzaldehydef] by treatment with 1-chloro-3-methyl-2- n-butylamine in ethyl acetate. The reaction was edrdut under
butene in the presence of,®0; in acetone under reflux reflux condition overnight. The crude product wasifed using
condition. The desired produ& was obtained in good yield column chromatography to obtain the unsymmetridzdrntonyl
(80%) Scheme ) and was used as a building block for the curcumin derivativéd. Cyclization of the purifie® was achieved
synthesis ofl1 as depicted irSBcheme 2 Cyclohexanoné (48  via Michael addition by reacting with hydrazine to giwgrazole
mmol) was reacted with pyrrolidine (48 mmol) in tiresence of 10. Finally, the carboxylate ester group was introdute the
p-toluenesulfonic acid (1 mmol) to afford N-(1- compoundvia N-alkylation with methyl 2-bromoacetate in the
cyclohexenyl)pyrrolidine7, an essential enamine intermediate.presence of GEO; in DMF as solvent. The crude product was
Next, 7 (1 mmol) was reacted with benzoic anhydride (2 mmol}hen purified using column chromatography to obtdia final
productllin satisfactorily yield (55%)3cheme 2.

1/ Negative's
relectrostatfe
. \

Design
strategy.

Figure 5: A general design strategy behind the modificatiafria
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Scheme 2:Reagents and conditions: (a) pyrolidimeTSOH, toluene, reflux under Dean and Stark appsardii) Distilled until it reached 108-110; (b)
benzoic anhydride, toluene, r.t. overnight; (GOB ethyl acetate, refllux, 70, 3 h; (d) (i) respective benzaldehyBetributylborate, 30 min, r.t., (i) n-
butylamine, reflux, 7@, overnight, (iii) 1M HCI, reflux, 30 min; e) hydrazine, EtOH, refluxy.1f) methyl 2-bromoacetate, £30;, DMF, r.t.



Effects of 11 on PGE production level in RAWZ264.7

macrophages and human cell-free mPGES-1

To verify whether the designed compound could ieterf
with mPGES-1 activity, we investigated its effect oR@ES-1-
dependent PGE biosynthesis in  murine RAW264.7
macrophages. As expected, the compound almost ctatyple
suppressed PGE formation (>90%) in LPS-activated
macrophages at 25 pM. However, it is known that thera

difference in the mPGES-1 structure between humad al

murine/rat species. To further confirm whettdrcould act on
human mPGES-1, we carefully assessed its inhibitotivity
against human cell-free mPGES-lising microsomes of
interleukin-B-stimulated A549 cells. At 1 pM,1 was found to
inhibit MPGES-1 activity by 37%F{gure 6). MK-886 (Figure
S-1) (10 uM) was used as a reference inhibitor and regspd
the PGE synthesis as expected. Siricewas designed from the

Binding interactions o1 with mPGES-1

As shown inFigure 7, the RMSD of the simulated protein
backbone converged to equilibrium state after apprately 4 ns
while 11 showed a stabilizing trend after 19 ns. As antieigan
the early simulation, the carboxylate group 1df binds to the
putative binding site by forming an important hygeo bond
with Arg52’ while the prenyl group occupies the catythe top
of the binding groove with a series of hydropholniteiactions

Mwith amino acids from helix IV (GIn134, Leul35 and RB8)

and helix I' (Tyr28' and lle32’). The central cocd 11 resides
above the GSH binding site while both the phenylgiigeract
with the adjacent protein hydrophobic residu@sgure 8).

However, the carboxylate ester groupldffailed to sustain its
hydrogen bonding interaction with the guanidium sithain of
Arg52’ after the 19 ns mark. Without this importameraction, it
is expected thall would possess dower binding affinity. In

lead compoune@, which represents a derivative of curcumin, Wecontrary, the prenyl group forms a hydrophobicalkyl

evaluated its PAINS character usiimgsilico tools (FAF-Drug4).

interaction with 1le25, which was evident over theirentime

Overall, 11 was not categorized as potential PAINS or covalentygmes. Furthermore, the flexibility of the prergiiain around
inhibitor while 2 and curcumin were identified as covalent i hydrophobic cavity could play a key role far @ual activity
inhibitors. Thus,11 might represent a valuable lead for novel 5, poth rat and human mPGES-1. This is further supgaince

mPGES-1 inhibitors that lacks the pan-assay intenfe

activities.

25 —— —
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:E — 2'0 1
o2
-~ 3
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£
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Figure 6: Effect of11 (1 pM) and the reference inhibitor MK-886 (10 uM)
on cell-free mPGES-1 activity. Data as relative tainare paired for
independent experiments, n = 3, pair¢est based on logarithmized values.

mPGES-1 exhibits different amino acid sequenceigatgbsition
resulting in a smaller edge [16].

RMSD (nm)

Time (ns)

Figure 7. RMSD plots of mPGES-1 protein backbone (blacle)liand11
(red line) as a function of simulation time.

Figure 8: Binding interactions 011 with the adjacent residues in the mPGES-1 bindiregaditime frame of 0 ns, 30 ns and 50 ns.



Experimental

Chemical synthesis and spectral characterizations

General procedure for the preparation of 4-((3-mebloyd2-en-
1-yl)oxy)benzaldehydg). 10 mmol of 4-hydroxylbenzaldehyde
was treated with 10 mmol of 1-chloro-3-methyl-2-betén the
presence of KCO; in acetone under reflux condition for 20 h.
The reaction mixture was extracted with ethyl acetaeg water,
subsequently dried over anhydrous magnesium sw@phiEie

tetrazolium bromide (MTT, 5 mg/mL in phosphate leo&d
saline (PBS) to formazan salts. After treatment, shpernatant
were removed followed by addition of 20 pL of MTT geats
into each well. The mixture of culture media and MWEre
removed after incubated at 37°C for 4 h, and theézan salts
were dissolved by adding 100% DMSO. The absorbance was
then measured at 570 nm on a SpectraMax Plus nateogader
(Molecular Devices Inc., Sunnyvale, CA, USA) at room
temperature.

Determination of PGE The cell culture supernatants were

desired produck was purified by column chromatography and collected and analyzed for P&Eecretion using PGEEIA kits

was used for the next step&eneral procedure for the
preparation ofll. A catalytic amount op-toluenesulphonic acid
was added into a mixture of cyclohexanone (20 mnawiyl
pyrrolidine (20 mmol) in 30 mL of toluene and théxtare was
then refluxed on a Dean & Stark apparatus for 2 htuprepare
enamine. Upon completion, 20 mmol of benzoic antagdin 20
mL of toluene was added dropwise into the reactidatism and
stirred for 24 hours. Distilled water (10 ml) was tredded and
further refluxed for 30 min. The resulting reactionxture was

extracted with 3V HCI and with 20 mL water. The toluene layer activity determined as previously reported [17].

was dried over anhydrous magnesium sulphate ancentrated

(Cayman Chemical, Ann Arbor, MI, USA). The protocols
provided by the manufacturers were followed to theideThe
data was obtained using a SpectraMax Plus micropésder
(Molecular Device, Sunnyvale, CA, USA). The concentratbf
PGE, for each sample was calculated from their respectiv
standard curves.

Determination of human mPGES-1 activitylicrosomes were
isolated from interleukinfi-stimulated A549 cells and MPGES-1
brief,
microsomal membranes (2.5-5 ug total protein) welgedl in

in vacuoto give crude compound. The crude compound wa$®.1M potassium phosphate buffer, gk, containing 2.5M

purified by column chromatography to afford 2-
benzoylcyclohexanones. Boron trioxide (1.5 g) wadeddinto a
flask containing 10 mL of ethyl acetate in the pree of 2-

benzoylcyclohexanone and stirred at 70°C for 3 #&our

glutathione and pre-incubated with vehicle (DMSO, 2%o})est
compounds for 15 min at 4°C. PgBynthesis (in a reaction
volume of 100 pl) was initiated by addition of PGSR0 uM
final concentration) and terminated after 1 mirabgition of 100

Compoundbé (20 mmol) and tributyl borate (20 mmol) were then pl FeC} (40 mM), citric acid (80 mM) and BIPGE (10 pM) as

added into the solution and the mixture was stirfed 30
minutes. Catalytic amount afbutylamine was added dropwise
and stirred for overnight followed by reflux with 1L of 1 M
HCI for 30 minutes. The reaction mixture was extrdctgth
ethyl acetate and dried over anhydrous magnesilphate. The
desired product was purified by column chromatogyaphethyl
(E)-2-(7-(4-((3-methylbut-2-en-1-yl)oxy)benzylidene)-3-phenyl -
4,5,6,7-tetrahydro-2H-indazol-2-yl)acetate (11). White crystal
(32%); m.p: 114-115°CH NMR (600 MHz, CDCJ) § 7.73-7.74
(d,J=6 Hz, 2H), 7.40-7.42 (11 = 6 Hz, 2H), 7.31-7.33 (1 =6
Hz, 1H), 7.22-7.23 (dJ = 6 Hz, 2H), 6.91-6.93 (d] = 12 Hz,
2H), 6.47 (s, 1H), 5.50-5.52 @,= 6 Hz, 1H), 5.17 (s, 2H), 4.53-
4.54 (d,J = 6 Hz, 2H), 3.81 (s, 3H), 2.84-2.86 (m, 2H), 2.7352.7
(m, 2H), 1.87-1.89 (m, 2H), 1.81 (s, 3H), 1.79 (s, 3fF0.NMR

internal standard. PGRvas extracted and analysed by RP-HPLC
as described [17].

In silico modeling

Molecular Docking Docking studies were performed on the
crystal structure of mMPGES-1 (pdb ID: 4AL1; 1.95 Ayieted
from the Protein Data Bank using the Cdocker prdtaoder the
receptor-ligand interaction section in Discovery d&ifi 3.1
(Accelrys, San Diego, USA). Cdocker is a grid-basedemdar
docking method that employs CHARMM force fields. Dgrin
refinement, the receptor was held rigid while therids were
allowed to flex. High-temperature molecular dynamfedpwed

by random rotations, refinement by grid-based (GRI1p

(151 MHz, CDCJ) & 168.97, 157.93, 148.23, 140.39, 138.42 simulated annealing, and a final grid-based or fattce-field

133.73, 130.58, 129.25, 128.56, 128.44, 127.45,0627123.83,
119.55, 116.92, 114.48, 64.84, 53.24, 52.66, 22985, 24.68,
22.66, 18.23.

Determination of biological activity

Cell Culture Murine macrophagesThe RAW264.7 cells line
from the (ATCC TIB-71") cells line from the American Type
Culture Collection (ATCC) (Manassas, VA, United Statesye
grown in DMEM containing 10% FBS, 1% (v/v) penicillin
Glstreptomycin in 5% Cgat 37C. RAW264.7 cells (80-90%
confluent) were detached and centrifuged at 1000 RPM°C
for 10 min. The viability of cultured cells usedtime assay was
always >95% as determined by trypan blue dye exatusiell
stimulation and treatmenRAW?264.7 (5 x 1D cells/well) were
seeded into a tissue culture grade 96-well plateirssubated for

minimization [18] generated 200 random ligand com@tions
from the initial ligand structure. In this experimigthe ligand
was heated to a temperature of 700 K in 2000 stegpp@oled by
300 K in 5000 steps. The grid extension was set 40A1

Hydrogen atoms were added to the structure andoaikzable
residues were set at their default protonation Statea neutral
pH. The ten top ligand-binding poses were ranked rdaog to

their CDOCKER energies, and the predicted bindingradtions
were analyzed. The best pose was retrieved and nzigdfimi situ

according to the standard protocol implemented isc®iery
Studio before being subjected to binding-energies binding-
scores calculations.

3D QSAR (CoMFA)To initiate the study, 29 reported MK-886
derivatives [15] that exhibited kgof less than 10 uM have been
selected forin silico studies while 3 compounds that exhibited
IC5o more than 10 pM have been omitted. A templatesase

24 h at 37°C, 5% CfOfor cell attachment. The attached cells alignment method was first applied to the molecitethe data

were stimulated in 100 U/mL of recombinant IFNwd 2 pg/mL
of LPS in presence of vehicle (DMSO, 0.1%) or teshgound at
a final volume of 100 pL/well. Cells were then inctduh at
37°C, 5% CQ for 17-20 h.Cell Viability. The cytotoxicity of
test compound on cultured cells was determined bgyasg the
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-dipmg-

set, in which the most active compound, Bewas chosen as the
template for the alignment of the other compouridisieteen
compounds were categorized as the training set dmd t
remaining ten compounds were used as the test Isetrafio of
training set to test set compounds is ~7:3 andtithieing set



holds the most active and most inactive compouSisilarly,
the test-set compounds should cover a range ofodic!
activities and enable evaluation of the qualitytef generated 3D
QSAR method. The inhibitory activity (kg values of the
studied compounds were converted intospl@sing plG, = -log

ICsp and used as dependent variables in the 3D QSAR

calculations. To accelerate the analysis and redois®, column
filtering was set at three different energies, 20, 1.5 and 1.0
kcal/mol, such that only the higher steric and tetetatic
energies in each case were considered in the plaist-squares
(PLS) analysis. The highest values of the crosskatdd
correlation coefficient ®) and non-cross-validationry} were
used to judge the quality of the models and avaidr-ditting.
The cross-validated result quantifies the predéctility of the
model and is determined by the leave-one-out (LOOkeuture
of cross-validation, in which each compound is sssitely
removed from the model derivation. Finally, the dictve
quality of the “best” correlation model was deteredn

Molecular dynamics simulationThe molecular dynamics
simulation input files were prepared using GROMACS 81
with the united-atom GROMOS96 54a7 force field [19].eTh
parameterization ol1l was carried out using ATB (Automated
Topology Builder) server [20]. The POPC bilipid laye
membrane structure along with the Berger Lipid patans were
retrieved from Biocomputing Group website [21]. Th®tpin-
ligand complex structure was then packed with thielsipusing

the InflateGRO methodology. Next, the membrane proteirsynthetic

system was solvated with water molecules. To avoidialsm
water molecules from filling up the gaps in thedigicyl chains,
the van der Waals radii of the carbon atoms instystem were
artificially enlarged by changing the value of 01650.375. The
final system contained three protein chains, 123 @@®ieties
and 4545 water molecules, (a total of 24683 atonas4f A x 70
A x 71 A simulation box). The ionic strength was atijdsby the
addition of 0.1M of NaCl with a total of 40 Naand 63 Clions.
The complex was subjected to energy minimizatiohovied by
5 ns of NVT equilibration and 5 ns of NPT equilibratiorhe
production run was performed using the LINCS algaritto
constrain bond lengths and periodic boundary c@dit were
applied in all directions [22]. Long range electatis forces will
be treated using the Fast Particle-Mesh Ewald me(RddE)
[23]. Van der Waals forces and Coulomb potential wezated
using a cut-off of 1.2 nm and the simulation tinbepswas set to
2 fs. An initial velocity obtained according to a kfeell
distribution at 310 K is given to all the atoms. Bddoover
thermostat and semiisotropic  Parinello-Rahman press
coupling were set at 310 K and 1 bar with a couplimg toftT

Kebangsaan Malaysia for the funds provided undemRbsearch
University Grant UKM-DIP-2014-16.
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